We formulate the conditions under which a purely bosonic theory (without fermions) containing neutral spin-0 particles and vector (gauge) bosons violates the CP-symmetry through the presence of CP-even and CP-odd operators in the Lagrangian. This is done without reference to explicitly CP-violating scalar sector of extended standard models (SM) with two or more Higgs doublets. The Lagrangian expressed in the mass basis of the spin-0 fields can, however, in certain cirumstances be identified with a part of the CP-violating SM with two Higgs doublets. It is instructive to consider the manifestation of CP-violation in the mass basis since this leads directly to suggestions of genuine CPsignals.
CP-violation has always been a subject of numerous investigations in particle physics [1] . One of the reasons is that CP-violation is an important ingredient in explaining the baryon asymmetry of the universe [2] . It is known that the strength of the CP-violation coming from the Kobayashi-Maskawa sector of the standard model (SM) is not sufficient to explain this asymmetry [3] . It is therefore important to consider also other sources of CP-violation. Recently, the CP-violating SM with two Higgs doublets has attracted a lot of attention [4] since it could give a natural explanation of the baryogenesis [3, 5] .
Usually, such a theory is formulated in the isoweak basis, i.e. with 2SU(2) L -doublets.
However, since the physical interaction terms are given in the mass basis of the particles, it is very instructive (and closer to the experimental situation) to view the manifestation of CP-violation from this end (mass basis). Later on, we can choose to identify the bosonic part of the Lagrangian with that of the extended SM. Our considerations of CP-violation are, in principle, independent of any specific choice of electroweak theory. From this more pragmatic point of view, CP-violation in the mass basis of the theory is manifested through the simultaneous presence of CP-even and CP-odd terms in the Lagrangian.
More precisely, we cannot assign CP-eigenvalues to the mass eigenstates in such a way that the Lagrangian is CP-invariant. However, the coupling parameters are real. In our considerations, we will ignore fermions.
First, let us consider two well-known examples of Lagrangians in which at least two terms with different CP-transformation properties simultaneously appear to give a CP-violating theory.
One such example is the following interaction of a neutral spin-0 boson ϕ o with fermions (ff )
It is known that the Lagrangian (1) is part of a spontaneously broken theory [6] where the vacuum is not an eigenstate of CP. The Lagrangian of this theory, as given in terms of the non-shifted field 
where
If we set κ
spin−1 describes the gauge interaction of Z with charged W-bosons in SM. The requirement of CP-invariance would now dictate
spin−1 violates CP. Note that, if we insist on having L spin−1 as a part of an SU(2) ⊗ U(1) gauge theory, then κ only spin-0 neutral fields. Therefore, the situation here is more involved than in the case of the Lagrangians (1), or (2) and (3). Additionally, we have to include at least spin-1 bosons of SM in the Lagrangian to get such effects. 1 We mention here that the quantum numbers 1 −+ are exotic in a sense that such a particle cannot couple to fermion-antifermion pair if parity (P) and C are conserved [7] .
Let us start with the Lagrangian
where H o i are N spin-0 neutral fields which correspond to mass eigenstates, the indices i, j, k run over 1, . . . , N such that i ≤ j ≤ k, and ↔ ∂ is the antisymmetrized derivative:
Note that in SM with one or two Higgs doublets, the terms containing physical neutral spin-0 particles (to up to 3rd power) represent just special cases of the Lagrangian (5).
If we assume first that all coupling parameters g ijk and at least one parameter
The Lagrangian
is then also CP-invariant, but the Lagrangian
violates CP (it is P-invariant, but violates C). The reason is that we cannot assign any CP quantum numbers to the fields to make L The Lagrangian (8) is not the only CP-violating combination. Typical charged scalar field interaction of the form
is CP-invariant only if again J P C (Z) = 1 −− . Therefore, the same arguments as before lead us to the statement that the Lagrangians
also violate the CP-symmetry. 
-by assigning
Similarly, for three physical neutral
1. There is at least one specific H 
(Possible assignments are: 
(Possible assignments are:
such specific case is SM with two Higgs doublets and no CP-violation (ξ = 0, where
in the notation of ref. [8]).
We necessarily obtain CP-violation in The mass basis in which we have written the Lagrangians has the advantage that we can now look directly for processes that would reveal CP-violation in the bosonic sector of the Lagrangian. In general, this could be realized directly, by predicting and observing asymmetries of the form
where |Ā and |B are CP-conjugated states and dN is the number of events. On the other hand, CP-violation could be observed (and predicted) also indirectly, by two nonzero amplitudes of the form
The possibility (15) implies that one should construct CP-even and CP-odd states (components). Feynman rules are usually formulated in the basis of spin or helicity eigenstates which are not eigenstates of CP. This, of course, does not mean that one cannot perform discrete symmetry tests in the helicity basis; but we prefer to do it in the basis of orbital angular momentum eigenstates which have the advantage of being also CP-eigenstates (see below).
Restricting ourselves to tree level processes (i. e. , we do not take into account 
These processes are the simplest examples which would give a genuine signal of CPviolation in the neutral spin-0 sector (without the inclusion of fermions). Of course, we assume that the mass spectrum of the theory allows kinematically these decays. A correct procedure to show that the final states of these reactions are mixtures of CP = 1 and CP = −1 components would be to perform a partial wave analysis of the amplitudes in terms of orbital and spin angular momenta for 3-particle final state. This basis has the properties P | lσ; LΣ = η
where l and σ are the relative orbital angular momentum and the resultant spin of the particle-antiparticle pair (1-2), L and Σ are the corresponding quantum numbers of the neutral particle 3 and the subsystem (1-2) as a whole [10] . The phases η 3 's are the intrinsic quantum numbers of the neutral particle 3 (which we will take to be Z, i. e. the final state is W + W − Z). In a CP-violating theory, η 3 's are, in principle, conventional.
Through the detected angular distribution dN/dΩ, it should be possible to show whether or not both CP components (W + W − Z) CP =1 and (W + W − Z) CP =−1 are produced in the decay process. We plan to do such an analysis in the near future, in the case of SM with two Higgs doublets (ξ = 0 [8] ). Here, we will give another argument for the presence of CP-even and CP-odd final states in (16). It suffices to show this for the first of these two processes [11] . The line of arguments for the other is similar.
There are several amplitudes contributing to
The following three are possible also in the minimal SM or in a CP-conserving version of SM with two Higgs doublets:
The star in (18) denotes an off-shell intermediate particle state. It follows that only states with CP (W + W − Z) = +1 contribute to the diagrams of (18). The crucial point is now that the CP-properties of the final state (as given in (17)) are determined only by the Lorentz structure of the interaction terms (when adopting the convention that the internal CP = η (18)).
From the experimental data for the angular distribution In conclusion, we state that we have considered here CP-violation originating from the bosonic sector with neutral spin-0 particles. Not every such CP-violating theory can be identified with SM containing two Higgs doublets, since, in principle, even the existence of just two neutral spin-0 particles can lead to CP-violation. We emphasized how CP-violation can manifest itself in the mass basis of the neutral spin-0 particles, the considerations being in principle independent of any specific assumptions (SSB, etc. ) on how the physical, CP-violating interactions came about. 
